Abstract. We review recent searches for lepton flavor violation in τ − decays, − + − ( = e or µ) and
Introduction
Lepton flavor violating (LFV) decays of the charged leptons are expected to have very small probability via neutrino oscillations in the Standard Model (SM). Many extensions of SM, such as supersymmetry and large extra dimensions, predict enhanced LFV decays with branching fractions close to the current experimental sensitivity. τ leptons are expected to be coupled strongly with new physics because of their large mass. The observation of LFV τ decays will be a clear signature for new physics beyond the SM. Experiments at the B-factories allow searches for such decays with a very high sensitivity since the cross section of τ + τ − production is σ τ τ 0.9 nb, close to that of BB production, σ BB 1 nb, and thus, B-factories are also τ -factories. By summer 2007, the Belle detector [1] operating at the KEKB B-factory [2] accumulated about 6.5 × 10 8 τ pairs.
Method
All searches for LFV τ decays follow a similar pattern. We search for τ + τ − events in which one τ (signal side) decays into an LFV mode under study, while the other τ (tag side) decays into one (or three) charged particles and any number of additional photons and neutrinos. To search for exclusive decay modes, we select low multiplicity events with zero net charge, and separate a signal-and tag-side into two hemispheres using a thrust axis. The backgrounds in such searches are dominated by qq, generic τ + τ − , two-photon, µ + µ − and Bhabha events. After signal selection criteria are applied using particle identification and kinematic information for reducing the background, signal candidates are examined in the two-dimensional space of the invariant mass, M inv , and the difference of their energy from the beam energy in the center-ofmass (CM) system, ∆E. A signal event should have M inv close to the τ -lepton mass and ∆E close to 0. We blind a region around the signal region in the M inv − ∆E plane so as not to bias our choice of selection criteria. The expected number of background events in the blind region is first evaluated, and then the blind region is opened and candidate events are counted. By comparing the expected and observed numbers of events, we either observe a LFV τ decay or set an upper limit by applying Bayesian, Fredman-Cousion or maximum likelihood approaches.
Results
Belle and BaBar have recently reported searches for various lepton flavor violation in τ decays, particularly γ ( = e or µ) and +pseudoscalar meson (η, η ,π 0 and K 0 S ) [3, 4] . The upper limits on the branching fractions for LFV τ − decays are 10 −7 − 10 −8 at the 90% confidence level. We review recent searches for lepton flavor violation in τ decays, particularly and V 0 (V 0 = φ, ω, K * (892) andK * (892)) based on using > 500 fb −1 of data collected with the Belle detector.
3.1. τ − → − + − The following τ − decays into three leptons are considered: e − e + e − , µ − µ + µ − , e − µ + µ − , µ − e + e − , µ − e + µ − and e − µ + e − . In the previous high-statistics analyses, both Belle and BaBar reached 90% confidence level upper limits on the branching fractions of the order of 10 −7 [5, 6] , based on about 90 fb −1 of data. We use 535 fb −1 of data for this search. Since each decay mode has different background, the event selection is optimized mode by mode. For the signal region, we use an elliptical region which contains 90% of signal events in the M inv − ∆E plane. The signal efficiencies are kept in the range of (6.0-12.5)%. We observe no events after event selection in the signal region for all modes while the expected background is less than 0.4 events. No evidence for these decays is observed and we set 90% confidence level upper limits on the branching fractions between (2.0-4.1)×10 −8 [7] (shown in Figure 1 and Table 1 ). These results improve the best previously published upper limits by factors from 4.9 to 7.0.
τ
We carried out a search for one charged lepton − and one vector meson V 0 : φ, K * (892) and K * (892) using 158 fb −1 of data and set upper limits in the range (3.0 − 7.7) × 10 −7 [8] . Belle update these searches including a new mode with ω meson based on a data sample of 543 fb −1 of data. Candidate φ mesons are selected by requiring the invariant mass of K + K − to be in the range 1.01 GeV/c 2 < M K + K − < 1.03 GeV/c 2 . Candidate ω mesons are reconstructed from π + π − π 0 with the invariant mass requirement 0.757 GeV/c 2 < M π + π − π 0 < 0.808 GeV/c 2 . The π 0 candidate is selected from γ pairs with invariant mass in the range, 0.11 GeV/c 2 < M γγ < Table 1 . The signal efficiency (ε), the number of the expected background events (N BG ) estimated from the sideband data, total systematic uncertainty (σ syst ), the number of the observed events in the signal region (N obs ), and 90% confidence level upper limit on the branching fraction (B) for each individual mode. For τ → V 0 mode, signal efficiencies are included the branching fraction of vector meson decay.
Mode Table 1 ). This analysis is the first search for τ → ω modes. The results for other modes improve by factors of 3.6 − 9.6 compared to our previous searches with 158 fb −1 of data.
Summary
We report recent searches for lepton flavor violating in τ decays, in particular, into ( = e or µ) and V 0 (V 0 = φ, ω, K * (892) andK * (892)), based on using > 500 fb −1 of data collected with the Belle detector at the KEKB asymmetric-energy e + e − collider. No evidence for these decays is observed and we set 90% confidence level upper limits on the branching fractions at the O(10 −8 ) level. These more stringent upper limits can be used to constrain the space of parameters in various models beyond the SM.
